The problem of acquiring high-resolution images deep into biological samples is widely acknowledged 1 . In air-filled tissue such as the spongy mesophyll of plant leaves or vertebrate lungs further difficulties arise from multiple transitions in refractive index between cellular components, between cells and airspaces and between the biological tissue and the rest of the optical system. Moreover, refractive index mismatches lead to attenuation of fluorophore excitation and signal emission in fluorescence microscopy. We describe here the application of the perfluorocarbon, perfluorodecalin (PFD), as an infiltrative imaging medium which optically improves laser scanning confocal microscopy (LSCM) sample imaging at depth, without resorting to damaging increases in laser power and has minimal physiological impact 2 . We describe the protocol for use of PFD with Arabidopsis thaliana leaf tissue, which is optically complex as a result of its structure (Figure 1) . PFD has a number of attributes that make it suitable for this use 3 . The refractive index of PFD (1.313) is comparable with that of water (1.333) and is closer to that of cytosol (approx. 1.4) than air (1.000). In addition, PFD is readily available, non-fluorescent and is non-toxic. The low surface tension of PFD (19 dynes cm , which allows it to flood the spongy mesophyll airspaces without the application of a potentially destructive vacuum or surfactant. Finally and crucially, PFD has a great capacity for dissolving CO 2 and O 2 , which allows gas exchange to be maintained in the flooded tissue, thus minimizing the physiological impact on the sample. These properties have been used in various applications which include partial liquid breathing and lung inflation 5, 6 , surgery . Currently, it is common to mount tissue in water or aqueous buffer for live confocal imaging. We consider that the use of PFD as a mounting medium represents an improvement on existing practice and allows the simple preparation of live whole leaf samples for imaging.
Abstract
The problem of acquiring high-resolution images deep into biological samples is widely acknowledged 1 . In air-filled tissue such as the spongy mesophyll of plant leaves or vertebrate lungs further difficulties arise from multiple transitions in refractive index between cellular components, between cells and airspaces and between the biological tissue and the rest of the optical system. Moreover, refractive index mismatches lead to attenuation of fluorophore excitation and signal emission in fluorescence microscopy. We describe here the application of the perfluorocarbon, perfluorodecalin (PFD), as an infiltrative imaging medium which optically improves laser scanning confocal microscopy (LSCM) sample imaging at depth, without resorting to damaging increases in laser power and has minimal physiological impact 2 . We describe the protocol for use of PFD with Arabidopsis thaliana leaf tissue, which is optically complex as a result of its structure (Figure 1 ). PFD has a number of attributes that make it suitable for this use 3 . The refractive index of PFD (1.313) is comparable with that of water (1.333) and is closer to that of cytosol (approx. 1.4) than air (1.000). In addition, PFD is readily available, non-fluorescent and is non-toxic. The low surface tension of PFD (19 dynes cm -1 ) is lower than that of water (72 dynes cm -1 ) and also below the limit (25 -30 dyne cm -1 ) for stomatal penetration 4 , which allows it to flood the spongy mesophyll airspaces without the application of a potentially destructive vacuum or surfactant. Finally and crucially, PFD has a great capacity for dissolving CO 2 and O 2 , which allows gas exchange to be maintained in the flooded tissue, thus minimizing the physiological impact on the sample. These properties have been used in various applications which include partial liquid breathing and lung inflation 5, 6 , surgery 7 , artificial blood 8 , oxygenation of growth media 9 , and studies of ice crystal formation in plants 10 . Currently, it is common to mount tissue in water or aqueous buffer for live confocal imaging. We consider that the use of PFD as a mounting medium represents an improvement on existing practice and allows the simple preparation of live whole leaf samples for imaging.
Video Link
The video component of this article can be found at http://www.jove.com/video/3394/
Protocol
The protocol given below describes a simple method for using PFD as an infiltrative mounting medium in Arabidopsis thaliana leaves, but we anticipate that this method may be used in a variety of applications where imaging air-rich tissues is desired.
Mounting leaf samples in PFD
1. Prepare a microscope slide with a gas-permeable gasket of polydimethylsiloxane (PDMS, Carolina Observation Gel). PDMS is a viscoelastic polymer and can be molded to provide a chamber tailored to experimental requirements. 2. Equilibrate PFD with air. This may be achieved by bubbling with air or by shaking a small volume of PFD in an air-filled bottle. 3. Decant PFD into an open Petri dish and float a whole seedling or excised leaf on PFD for 5 minutes. The tissue should become translucent, reminiscent of vitrified tissue (Figure 2 (a) ). Leaves may appear darker or lighter than before exposure to PFD, depending on lighting conditions and the age of tissue used. 4. Fill the PDMS chamber with air-equilibrated PFD and carefully transfer the tissue samples from the incubation Petri dish to the PDMS chamber. Seal the slide with a coverslip and image according to experimental requirements. 5. Note: PFD also performs well in an open chamber constructed on a coverslip or in a perfusion chamber and is compatible with silicon grease.
PFD is not compatible with Teflon components as it dissolves them. 
Discussion
This is a simple and easy to use technique to improve microscopy of air-filled or optically complex tissues. We have shown that the technique has some strong advantages and we hope that it will be used to elucidate biological questions pertaining to air-rich tissues. For example it would be a natural choice for studies of pathogen attack in plant mesophyll or in lungs. We also are aware of the limitations of the technique. We are working on better refractive index matching, use with other modes of microscopy, and perfluorocarbon mountant replenishment during long timescale experiments. We also recognise, though, that one of the main advantages of PFCs, namely being biologically inert has a flipside. PFCs do not readily dissolve biological molecules which also implies that they cannot be easily used to deliver compounds of interest such as hormones, drugs, and other small molecules or ions.
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